Plastic and Reconstructive Surgery • December 2018 readmission rates greater than the national average. 2 Despite extensive research on inpatient readmission following numerous proceduresranging from simple outpatient operations such as carpal tunnel release 3 to complex operations such as breast reconstruction 4, 5 or coronary artery bypass 6 -few have considered the use of unplanned visits to the emergency department as a complementary quality metric. Emergency department visits alone may represent up to 50 percent of unanticipated returns to acute care after discharge. 7, 8 Visits to the emergency department are growing in frequency, 9 and some can be attributed to potentially preventable encounters. Such encounters include those that should have been treated in a physician's office, a clinic, or an urgent care setting or could have been avoided through higher quality care. 10 Finnegan et al., for instance, report that 34 percent of patients who returned to the emergency department following elective total hip and knee replacement surgery had a diagnosis related to pain, many of which might have been prevented through better pain control mechanisms before discharge. 11 The purpose of our present investigation was to analyze the frequency and type of diagnoses on return for unplanned emergency department visits following two common procedures: mastectomy with or without immediate reconstruction. In a 2014 study, Nelson et al. investigated the risk of inpatient readmission after immediate breast reconstruction and found that approximately 5.6 percent of women are readmitted following mastectomy with immediate reconstruction. 12 Nonetheless, the frequency of use by these patients of the emergency department remains unknown. Considering that one in eight U.S. women will be diagnosed with breast cancer, 13 a substantial proportion of the health system efforts are directed toward this population. Identifying reasons for emergency department return following surgery may unveil potential areas for improvement during postoperative patient care and related outcomes, particularly if individuals are returning for potentially preventable conditions.
Our specific objectives were to (1) define rates of 30-day emergency department visits following mastectomy with or without immediate reconstruction; (2) perform a risk analysis of patient and clinical factors associated with emergency department return; and (3) analyze diagnoses on emergency department return, assessing for potentially preventable visits with an increased focus on return encounters for pain. We predicted that emergency department use for individuals who underwent a more complex procedure (i.e., mastectomy with immediate reconstruction) would be greater than those for patients who underwent mastectomy alone. We also hypothesized that, regardless of procedure type, a substantial proportion of patients would return to the emergency department, most with a potentially preventable pain diagnosis.
PATIENTS AND METHODS

Data Source
We conducted our analysis using multiple state databases from the Healthcare Cost and Utilization Project developed by the Agency for Healthcare Research and Quality. The Healthcare Cost and Utilization Project has the largest assembly of longitudinal hospital administrative data in the United States, containing data from as early as 1988.
14 In our analysis, we linked patient encounters from three unique data sets using the VisitLink We required that all of the cases in our sample have a corresponding diagnosis for breast cancer in the surgical claim to ensure that patients were not undergoing reconstruction for other reasons, such as trauma. The cohort was then split into two mutually exclusive groups based on encounter type: (1) mastectomy alone or (2) mastectomy with immediate breast reconstruction. Those who died within 30 days of operation were excluded. We also excluded cases of delayed breast reconstruction in our analysis because timing of reconstruction varies between cases and they are difficult to capture accurately using large administrative data sets.
Variables of Interest
Predictor variables included patient demographic data and hospital/operative characteristics. We extracted details on patient age, race, median household income, primary payer, state, and Charlson comorbidity score to describe our study sample. Hospital/operative characteristics included hospital location (urban versus rural), mastectomy characteristics (simple versus radical), reconstruction characteristics (vascularized autologous tissue versus implants), admission type (inpatient versus outpatient), and length of stay. We created an "unspecified" category for any patient without explicitly coded predictor variables (e.g., patients with an appropriate code for mastectomy but without further specification of simple or radical).
Our primary outcome was a 30-day emergency department visit following mastectomy with or without immediate reconstruction. We defined a 30-day emergency department visit as any return to the emergency department, regardless of subsequent hospital readmission, within 30 days of the index procedure. We focused primarily on 30-day emergency department returns because they align with 30-day readmission rates used as a measure of quality by the Centers for Medicare & Medicaid Services. In addition, we calculated rate of readmission after 30-day emergency department visit using the readmit variable in the State Emergency Department Database.
Statistical Analysis
Patient demographic and hospital/operative characteristics were analyzed using chi-square tests. We used multiple logistic regression to compare predictors of emergency department return following breast reconstruction. Patient race, median household income, and hospital location were not considered in this analysis because these variables were not consistently coded between data sets. The significance level was set at p < 0.05. Similar but independent analyses were performed for patients undergoing mastectomy with or without immediate reconstruction. Assuming that one's primary diagnosis on return to the emergency department is an accurate representation of what drove an individual to return in the first place, we identified all primary International Classification of Diseases, Ninth Revision, codes for visits to the emergency department within 30 days of surgery to describe the reason for return. We classified diagnoses into the following categories: pain, wound/implant complications, infection, inflammation/edema, lymphedema, seroma, malignancy-related, other surgical complications, surgical follow-up care, and miscellaneous. We developed these categories using common complications cited in the literature, [15] [16] [17] [18] [19] modifying groups based on the actual diagnoses observed. In our final step, we performed a subgroup analysis of patients who returned to the emergency department with a pain-related diagnosis to assess which characteristics are at increased odds of pain-related return to the emergency department. In the case that one returned to the emergency department more than once during the 30-day period, we analyzed claims only for the initial emergency department visit.
RESULTS
Demographic Characteristics
A total of 159,275 encounters fit our inclusion criteria, of which 77 percent were for individuals who underwent mastectomy alone and 23 percent were for patients who underwent mastectomy with reconstruction ( Fig. 1) . Rates of 30-day unplanned emergency department visits among women undergoing mastectomy alone or mastectomy with reconstruction were 3.0 and 3.3 percent, respectively. Despite our prediction that the emergency department use for those who underwent a more complex procedure (mastectomy with immediate reconstruction) would be greater than for those who underwent mastectomy alone, the rates of return to the emergency department for both cohorts were similar. Baseline characteristics of patients who returned to the emergency department are outlined in Table 1 . The majority of women in these encounters were white and between the ages of 35 and 59 years. Approximately 75 percent of the women who underwent mastectomy with immediate reconstruction had a private payer. However, among those who underwent mastectomy without concurrent reconstruction, Medicare patients (47 percent) constituted the largest group. Three-quarters (75 percent) of mastectomy without reconstruction operations were conducted in the outpatient setting, whereas only approximately half (52 percent) of mastectomy with immediate reconstruction cases were performed in an outpatient clinic.
Estimating the Risk of Emergency Department Return
Odds ratio estimates of demographic and operative factors associated with 30-day emergency department visits following surgery are listed in Table 2 . In general, younger patients were more likely to return to the emergency department following their procedure. In addition, patients with any payer type other than a private payer had a significantly higher risk of returning to the emergency department within 30 days of surgery. For example, Medicaid patients in the mastectomy without immediate reconstruction cohort were 2.5 times more likely to return to the emergency department compared to individuals with a private primary payer. Patients in California (adjusted OR, 1.7; 95 percent CI, 1.5 to 1.8) and patients with a higher Charlson comorbidity score had significantly increased odds for an unplanned visit to the emergency department in the mastectomy without immediate reconstruction cohort. There was not an increased risk of returning to the emergency department based on examined surgical characteristics or type of admission.
Emergency Department Visit with Pain-Related Diagnosis
The distribution of diagnoses on 30-day emergency department visits is illustrated in Figure 2 .
Among the patients with an unplanned visit to the emergency department, the most common diagnoses, notwithstanding miscellaneous reasons such as diarrhea or pneumonia, were pain-related (23 percent), wound/implant complications (9 percent), or care for surgical follow-up (6 percent). 
DISCUSSION
In this analysis of encounters for mastectomy with or without immediate reconstruction, we found that (1) a considerable number of patients (3.1 percent) returned to the emergency department within 30 days of surgery, of which only 0.9 percent were readmitted; (2) being younger, having any payer type other than a private payer, or having a higher Charlson comorbidity score led to increased odds of a 30-day emergency department visit following surgery; and (3) of those who experience a visit to the emergency department within 30 days, a substantial proportion (23 percent) present with a pain-related diagnosis. The importance of measuring readmission rates following various surgical procedures as a means of assessing quality of care is well recognized. 6, 12, [20] [21] [22] [23] [24] Our findings highlight that additional recognition of unplanned, preventable returns to the emergency department is warranted.
There have been few investigations examining the risk of return to the emergency department within 30 days of surgery to date. A study on emergency department visits following elective hip and knee replacement found that patients with Medicaid or Medicare, compared with patients who had private insurance, were at an increased risk for returning with a pain-related diagnosis. 11 Likewise, we found that Medicare and Medicaid patients had both an increased risk of returning to the emergency department after surgery and an increased risk of returning to the emergency department with a pain-related diagnosis. Some have postulated that this may be attributable to the inability for individuals with Medicare to access the same outpatient clinical resources (e.g., a visit with a primary care physician) as patients with private insurers. 25, 26 A similar barrier may exist for Medicaid patients. Identifying factors that make an individual more likely to return to the hospital following a procedure may help identify an area of improved care. Remedial efforts to reduce 30-day emergency department return can be targeted toward these vulnerable populations.
Complications following mastectomy and breast reconstruction are common, which may explain the large number of unplanned postoperative hospital visits. 15, 16 Merchant et al. examined California Healthcare Cost and Utilization Project data and found that 3.6 percent of women return for an unplanned readmission within 30 days after mastectomy without reconstruction, and 3.4 percent return after a mastectomy with immediate reconstruction. 4 Our analysis focused uniquely on 30-day emergency department visits, as opposed to unplanned readmissions. However, we did consider cases of unplanned readmission following a visit to the emergency department. In our sample, the rate of readmission following an emergency department visit for patients Plastic and Reconstructive Surgery • December 2018 undergoing mastectomy with or without immediate reconstruction was 0.9 percent. In other words, 2.2 percent of the study sample experienced an unplanned return to the emergency department without subsequent readmission. This result suggests that a substantial portion of unplanned postoperative hospital visits may be left uncaptured by quality metrics that consider only readmission rates.
The Centers for Medicare & Medicaid Services currently uses readmission rates as the sole indicator for unplanned hospital visits following discharge, despite the cost wasted on potentially preventable postoperative visits to the emergency department. 27 Based on the findings of our study, policy makers should consider the use of unplanned emergency department visit rates, along with readmission rates, as improved indicators of care quality. Further information is needed to examine the emergency department use in other fields and for other surgical procedures to validate the use of unplanned emergency department visits as an added metric of care quality.
Contrary to our hypothesis, we found no significant difference in the rate of emergency department visits between patients undergoing mastectomy with immediate reconstruction and those without immediate reconstruction. Although impossible to explain definitively using administrative claims, it may be because of the patient's perception of a surgical procedure. Perhaps both procedures are perceived in a similar light to the patients. Further evaluation and perhaps even patient opinions, using a qualitative assessment, would be beneficial to this argument.
Preventable emergency department visits are a growing problem for hospitals, physicians, and patients. Previous estimates suggest that 14 to 27 percent of all emergency department visits could be treated elsewhere, saving approximately $4.4 billion per year. 27 Patients who return to the emergency department within 30 days of surgery may represent those who received lower quality service. It is possible that those who return for painrelated symptoms simply did not receive enough education on pain management during the postoperative period. Approximately three-quarters of individuals presenting to the emergency department for any reason report a chief complaint of pain. 28 We found that, within 30 days of surgery, 23 percent of return emergency department encounters were related to pain. Pain is a postoperative symptom experienced by roughly onehalf of women undergoing mastectomy and breast reconstruction. 19, 29 If acute pain after surgery is not controlled, it may lead to an unplanned hospital visit. 11, 30, 31 Some pain management techniques, such as opioid analgesics, are well known to cause further problems such as addiction or mortality and may trigger additional unplanned returns to the hospital. 32, 33 New avenues of pain control and management must be explored. Increased participation from physicians to educate appropriate symptom management before a patient is discharged may avoid an unnecessary visit to the emergency department. Managing pain in a physician's office, clinic, or an urgent care setting may also help prevent a potentially unnecessary costly visit to the emergency department. In addition, policies could be implemented at the hospital level to help direct patients toward the most appropriate and effective appropriate care.
The findings of this study should be considered only in conjunction with their limitations. Our study sample was limited to data from four states between 2009 and 2012. Although not nationally representative, our sample size was large and cases from various regions were included. It is also possible that we did not account for all potential emergency department visits by limiting our search to those with a visit within 30 days of the operation. This time frame has been used by numerous studies on unplanned readmission rates 3, 5, 23 and emergency department visits following surgery. 11, 24, 34 Finally, similar to any retrospective administrative data study, our analysis was dependent on the accuracy of the data reported. Nonetheless, the Agency for Healthcare Research and Quality uses multiple levels of quality control assurance to reduce the probability of coding errors. 35 Considering these limitations, future studies should permit more detailed clinical characteristics and additional control measures. In addition, further investigation on the role and cost-effectiveness of discharge timing is needed.
CONCLUSIONS
As the rates of emergency department use continue to grow, 9 it becomes increasingly important to recognize and reduce potentially preventable return visits. Identifying patients with greater risk of potentially preventable return emergency department visits can help inform future strategies to reduce emergency department use and promote value-based care. To align with such initiatives, targeted reforms by health care providers and policy makers may reduce unnecessary visits to the emergency department following surgery.
